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A VALIDATION STUDY OF THE NEWLY DEVELOPED CALCE METHOD 
FOR DETERMINING AGE-AT-DEATH USING THE ACETABULUM 
STEPHEN PAUL SHAPERO 
ABSTRACT 
Age-at-death estimation is a key component of creating a biological profile in 
forensic and bioarchaeological contexts, and the development of methods that utilize 
different skeletal elements or observe traits in a new manner are an important part of 
progress in the study of forensic anthropology.  Use of the acetabulum for identifying 
age-at-death is among new methods being developed, and the recently published method 
by Calce (2012) was the focus of the present study.  The present author analyzed a 
sample of 489 modern American individuals drawn from the William M. Bass Donated 
Skeletal Collection housed at the University of Tennessee and assigned each individual to 
a phase described by Calce (2012).   
The results of the present study show that use of this method correctly classified 
age-at-death 62.2% of the time.  The performance of this method is low compared to the 
results of the initial study where Calce (2012) found the method to be 81% accurate.  
This suggests that the acetabulum is not as beneficial as an age-at-death indicator as 
previously considered, and that more research on the utility of the acetabulum as an age 
indicator is required. 
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CHAPTER 1:  INTRODUCTION 
Aging Methods in Forensic Anthropology 
Age-at-death is a primary component of the biological profile and an important 
aspect of laboratory evaluation of human skeletal remains in forensic anthropology.  
Numerous microscopic and macroscopic methods exist for estimating age-at-death; 
however, each method has its merits and drawbacks that must be addressed prior to 
adoption by the scientific community.  These factors include accuracy, precision, and 
error rates.  By reporting these findings, age estimation methods can be replicated by 
other scientists, tested through a peer review process, and in forensic anthropology, 
ultimately be considered admissible in court.  Collective findings from contemporary 
Supreme Court case rulings, deemed the Daubert standards, provide guidelines for 
admissibility of forensic methods in court, thus creating standards by which practicing 
forensic scientists aim to comply.   
 
Importance of Daubert Standards 
The United States Supreme Court case Daubert v. Merrell Dow Pharmaceuticals 
has propelled forensic science in the court system and requires that expert witnesses 
utilize techniques which have been evaluated by the scholarly community.  The purpose 
of the Daubert ruling aims to keep so-called “junk science” out of the courtroom 
(Christensen and Crowder 2009; Grivas and Komar 2008).  Along with the ruling from 
Daubert, the decision delivered in General Electric Co. v. Joiner, and Kumho Tire Co. v. 
Carmichael act to help reiterate what type of forensic methods are appropriate in court. 
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The outcome of these Supreme Court decisions has led to the creation of general 
guidelines that forensic anthropologists are expected to incorporate into their casework 
(Grivas and Komar 2008):  
1. Has the theory or technique been tested? 
2. Are there known and potential error rates associated with the technique? 
3. Do standards exist for the proper application of the technique? 
4. Has the theory or technique been peer reviewed? 
5. Is the theory or technique generally accepted within practitioners of 
forensic anthropology? 
These five criteria, while not all required for a method to be considered admissible in 
court, are what support the use of a forensic method in court (Grivas and Komar 2008; 
Christensen and Crowder 2009; Christensen et al. 2014).  Following Daubert, the 
discipline of forensic anthropology has moved towards placing greater emphasis on 
validation studies of previous research (Christensen and Crowder 2009; Dirkmaat et al. 
2008; Grivas and Komar 2008).  Validation studies are those that research the efficacy of 
previously conducted research and are important because they provide a benchmark for 
understanding a method’s overall utility and expected error. 
The Daubert ruling is also important for establishing protocols for expert 
witnesses─including the use of accepted scientific studies in the court of law.  The 
development of the Daubert ruling’s continued legal impact does not invalidate 
experience as an important factor in an expert witness and their testimony, but it does 
place emphasis on the witness to establish their scientific reasoning for the use of all 
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science involved in achieving their opinion(s) (Grivas and Komar 2008; Joiner 1997; 
Kassirer and Cecil 2002).  This means that the Daubert standards are beneficial to 
practicing forensic anthropologists by promoting the peer review of methods, as an 
overwhelming majority of 94% of state judges agree that the Daubert standards are 
beneficial in discerning what they deem as admissible in the court (Christensen and 
Crowder 2009). 
The application of Daubert standards by an expert witness is especially important 
in regard to the use of methods that are empirical in nature.  Both qualitative and 
quantitative methods are expected to meet the Daubert standards and have proven value 
through known error and peer review.  Therefore, the completion of validation studies of 
forensic methods where error and reliability are tested adds to the body of evidence on 
the question of admissibility in court (Christensen and Crowder 2009). 
Another outcome from these Supreme Court cases associated with Daubert 
standards come from Kuhmo Tire v. Carmichael, which recognizes limitations to the 
advancement of science due to the pace of publication (Grivas and Komar 2008).  This 
decision is beneficial for the scientific community, as it acknowledges that novel methods 
may not yet be fully incorporated into the discipline and yet may be supported with 
additional research on their scientific reliability.  This ruling means that new methods, 
such as Calce (2012), would be deemed admissible in court as long as they have been 
reviewed by peers in the field and found to provide a certain level of reliability.  Thus, 
even if the method is new and has yet to be adopted by all practitioners in the field, it 
may be utilized in a court of law when it may be considered an appropriate option.  
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It is also important for validation of methods among various geographic and 
temporal populations, an undertaking that is greatly supported in the scientific literature 
(Christensen and Crowder 2009).  This is because genetic variation and secular change 
have the ability to influence the presentation of skeletal markers among different 
populations over time (Algee-Hewitt 2013; Bass 2005; Langley-Shirley and Jantz 2010; 
Shirley and Jantz 2011; Uhl 2013).  Validation of forensic methods also provides greater 
knowledge for the utility of anthropological methods in their application within 
bioarchaeology.  
 
Understanding Error 
Following the Daubert standards, it is of the utmost importance to be able to 
understand the accuracy and precision of a method that is utilized in forensic 
anthropology.  However, making sense of how a method is applied and its corresponding 
reliability is not always straightforward.  The National Academy of Sciences’ National 
Research Report Strengthening Forensic Science in the United States: A Path Forward, 
stressed the importance of making reliability and error of forensic methods apparent to 
the scientific community, as these values are what provide support to the admissibility of 
methods in legal context (Dirkmaat and Cabo2012; Christensen et al. 2014). 
Supporting data which are associated with developing age estimation methods 
include reliability and validity, which is based upon known accuracy, precision, and 
error.  Reliability of a method refers to how different observers utilize the method in 
question.  A highly reliable method would be one where observations made on the inter-
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observer level are low to none.  Validity of a method is not the same as reliability.  
Validity is more correctly understood as the measure at which a method is able to result 
in the correct conclusion being drawn (i.e., assigning the correct age estimate) (Ousley 
and Hollinger 2012; Christensen et al. 2014). 
Accuracy and precision are other important values when determining if a method 
is appropriate for forensic use.  Accuracy of an age estimation method is related to how 
often the method in question is able to estimate age (or age range) of a given individual in 
correlation with the actual (or known) age of the individual.  Precision of age estimation 
method is a measure of the frequency at which the same conclusion is drawn when the 
method is applied to individuals (Uhl 2013).  Precision can be measured among a single 
observer (intra-observer error), or between various observers (inter-observer error). 
Error, while not necessarily a measurable value, must still be recognized and is 
comprised of a number of variables.  Different types of error that are encountered are: 
practitioner error, instrument error, statistical error, and method error (Ousley and 
Hollinger 2012; Christensen et al. 2014).  Practitioner error is the error incurred by the 
operator of the method; this is also known as the human error.  Practitioner error can be 
statistical, random, due to incompetence, negligence, or be intentional (fraudulent) in 
nature.  Examples of practitioner error include improper transfer of data and improper 
application of a method or tools involved in observation.  Practitioner error is difficult to 
assess quantitatively, but can be deduced and reduced through standardized training and 
peer review (Ousley and Hollinger 2012; Christensen et al. 2014). 
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Statistical error is the measure of how often the estimated value falls outside of 
the range of the actual accepted value, and is actually a type of measure that accounts for 
variance.  Statistical error may fall within the accepted range of variance, or it may fall 
outside of this range (Algee-Hewitt 2013; Christensen et al. 2014).  For example, an age 
estimation method (Boldsen et al. 2002) may suggest a point estimate of 53 years at 
death, but provide an accepted range of variance that includes 50-60 years at death within 
a 95% classification.  Another example would be an age estimate that suggests an age 
range of 40-45 years when the known age of the individual is actually 30 years.  In the 
first example range of variance is included, while in the second example the rate of 
misclassification may describe the error. 
Method error is the error that is directly due to the variability inherent in the 
method being utilized, and does not include the error of the practitioner or instruments 
involved (Christensen et al. 2014).  Method error is generally the result of variation 
within the trait(s) being observed, and can be accounted for by the overlap or frequency 
of the observed traits involved with the method.   This error is usually accounted for in 
forensic anthropology within the estimate ranges that are given when evaluating for age-
at-death or stature, but may not be as well observed in estimates for sex or ancestry 
(Christensen et al. 2014). 
Within the forensic science community it remains critical that there is no fear 
associated with publishing the reliability, validity, accuracy, precision, and error rates of 
methods.  It is this information that allows for the most comprehensive application of 
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forensic methods, as this information can account for variability, supporting its use in 
court. 
 
Differential Preservation of Skeletal Remains 
The recovery of human skeletal remains rarely includes pristine preservation of 
individuals represented by all the skeletal elements (Haglund 1997; Pokines 2013b; 
Rissech et al.2006).  Bone is often lost or damaged, and thus an anthropologist must be 
able to recognize the evidence that is available and the limitations which this places on 
observation.  In forensic anthropology this plays into the choice of method utilized in 
approaching identification of aspects of the biological profile, where the best approaches 
should be taken for analysis of the available materials.  Bioarchaeologists face similar 
issues of differential preservation and recovery, but must still answer questions 
concerning the individual, including age-at-death. 
Damage to bone can occur during the antemortem, perimortem and postmortem 
periods.  In particular, changes to bone in the postmortem period, including damage after 
deposition or burial, are considered taphonomic alteration (Pokines 2013b).  Throughout 
the postmortem period many taphonomic factors influence the rate of change occurring to 
bone, including bone density, scavenging, and burial characteristics (Galloway et al. 
1997; Gordon and Buikstra 1981; Lam and Pearson 2005; Lyman 2014; Pokines and 
Baker 2013; Walker and Johnson 1988). 
Scavenging of remains is of potential concern, especially in forensic cases where 
the remains in question may have been deposited in the wilderness.  Studies indicate that 
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predation and scavenging by animals tends to favor the displacement of certain skeletal 
elements over others, creating higher recovery rates for certain bones (Haglund 1997; 
Pokines 2013a).  At the recovery rate of 65%, the os coxae has a high recovery in human 
remains dispersal research of Haglund (1997) in forensic cases in the Pacific Northwest, 
which indicates its usefulness for identification purposes in cases with greater post 
mortem intervals.  Therefore, methods that utilize the os coxae for forensic analysis 
(Brooks and Suchey 1990; Calce 2012; Lovejoy et al. 1985; Phenice 1969) have the 
potential for greater value in many partial remains recovery casework.  The acetabulum is 
also offered some greater protection from scavenging related damage due to the 
association of the femoral head and associated soft tissues (Haglund 1997:372) and the 
frequency of clothing protection. 
Characteristics of the burial site also influence preservation of the skeleton.  
Water in the burial context can lead to the softening of the bone through mineral 
leaching, resulting in chemical erosion (Pokines and Baker 2013).  Changes in water 
level may also induce mechanical damage to skeletal elements in a coffin burial resulting 
from movement of skeletal elements in situ (Pokines and Baker 2013).  Soil that is more 
acidic (lower pH values, under 7.0) is directly correlated with decreased bone 
preservation (Gordon and Buikstra 1981).  Factors that promote preservation of bone in 
acidic soil conditions include greater bone density and bone maturity (Gordon and 
Buikstra 1981).   
Bone density is another important factor influencing the preservation of bone 
throughout the postmortem period (Galloway et al. 1997; Lam and Pearson 2005; Lyman 
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2014; Walker and Johnson 1988).  Age and sex are among the attributes that influence 
bone density in humans; however, different regions within the skeleton are inherently 
denser than others (Walker and Johnson 1988).  Research indicates that the os coxae, and 
specifically the pubic bone, has lower survivability due to its fragility and lower density 
(Buckberry and Chamberlain 2002; Walker and Johnson 1988).  Due to the relatively 
denser region of the acetabulum in comparison to the pubic symphysis, the acetabulum 
may serve as an more robust indicator for information regarding the biological profile, 
including age-at-death estimation (Calce 2012; Rissech et al. 2006; Rougé-Maillart et al. 
2004). 
 
Structure of the Current Study 
 The goal of the current research was to test the efficacy of the newly developed of 
age estimation utilizing the acetabulum on a large sample.  Data collection was 
completed through analysis of a sample at the William M. Bass Donated Skeletal 
Collection (WMBDSC) housed at the University of Tennessee (UTK).  The information 
on accuracy and reliability gleaned from the results of this current study will add to the 
body of knowledge in assessing the utility of the phase-based approach to age estimation 
with the acetabulum as described in Calce (2012).  
Chapter 2 discusses previous research in age estimation, with emphasis on 
methods that involve the os coxae and the acetabulum in particular.  Chapter 3 describes 
the materials and methods, discusses the sample structure of the individuals analyzed at 
the WMBDSC, and outlines the methods utilized for the completion of this validation 
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study.  In Chapter 4 the results are presented.  Chapter 5 presents a discussion of the 
results, summarizes the findings of the study, and presents ideas for future research. 
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CHAPTER 2:  PREVIOUS RESEARCH 
Age-at-Death Estimation 
Age-at-death estimation is the manner in which a skeletal biologist evaluates the 
physiological age of an individual by assessing skeletal remains for developmental or 
degenerative changes and linking those observations with chronological age 
(SWGANTH 2013).  Physiological age is defined as the observable age of the individual 
based upon the appearance and evaluation of skeletal anatomy, while chronological age is 
defined as the known age of an individual. 
Many methods of establishing age-at-death are documented for use in forensic 
and bioarchaeological contexts (Algee-Hewitt 2013; Bass 2005; Buikstra and Ubelaker 
1994; Cunha et al. 2009; Uhl 2013; White and Folkens 2005), although certain methods 
are preferred and more commonly utilized by practicing forensic anthropologists (Garvin 
and Passalacqua 2012).  Cunha et al. (2009) indicated that while there are many 
techniques for determining age-at-death available for skeletal biologists, there remains to 
no uniform standard among practitioners.  In addition, age-at-death estimation is 
complicated by differential preservation, recovery and taphonomy (Cunha et al. 2009; 
Haglund 1997; Rissech et al. 2006; Rougé-Maillart et al. 2004). 
Methods for aging skeletons of elderly individuals are particularly difficult to 
apply, and there are few methods that provide reliable estimates of individuals of the age 
of 65 years (Calce 2012; Falys et al. 2006; Lovejoy et al. 1985; Rissech et al. 2006; 
Rougé-Maillart et al. 2009; Rougé-Maillart et al. 2007).  The reason for the lack of 
available methods for accurately aging skeletons from elderly individuals is due to the 
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reliance upon osteological degeneration as opposed to the development of skeletal and 
dental tissues possible for young individuals (Algee-Hewitt 2013; Cunha et al. 2009).  
The use of osteological degeneration for age estimation purposes is problematic, as 
degeneration is more variable on an individual basis than is development (Algee-Hewitt 
2013; Uhl 2013).  This variation in degeneration is what gives rise to the increase in 
inaccuracy and decrease of precision found among the age-at-death estimates of older age 
remains (Brooks and Suchey 1990; Cunha et al. 2009; Rissech et al. 2006).  Recently 
developed techniques for estimation of age-at-death utilizing the acetabulum have 
suggested that this region of the skeleton might have some use in estimating if an 
individual is over the age of 65 years (Calce 2012; Calce and Rogers 2011; Rissech et al. 
2006; Rissech et al. 2007; Rougé-Maillart et al. 2004; Rougé-Maillart et al.2007; Rougé-
Maillart et al. 2009). 
In comparison to adult age-at-death estimation, juvenile age-at-death estimation 
methods frequently include methodologies that utilize measurements and observations of 
development, including stages of growth or fusion in dental tissue and bone (Buikstra and 
Ubelaker 1994; Fazekas and Kósa 1978; Hoffman 1979; Scheuer and Black 2004).  Adult 
age-at-death estimation techniques are based upon observations of degenerative change, 
including increases in porosity of bone and the presence of osteophytic growth and 
lipping around skeletal features (Brooks and Suchey 1990; Lovejoy et al. 1985; Ortner 
2003; Rogers 1997; Suchey 1997).  Due to the more consistent growth patterns of 
juveniles, age-at-death estimation of individuals based upon techniques of skeletal 
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maturation are considered much more accurate and precise than methods for age-at-death 
estimation of adult individuals (Algee-Hewitt 2013; Bass 2005; Uhl 2013). 
 There are multiple age-at-death estimation techniques for adult remains.  Various 
skeletal and dental tissue features have been examined and encompass diverse regions of 
the skeleton (Kemkes-Grottenthaler 2002).  Numerous methods of aging utilizing the 
skull include cranial suture closure, dental root translucency and dental attrition 
(Lamendin et al. 1992; Lovejoy 1985; Meindl and Lovejoy 1985; Mann et al. 1991; 
Prince and Ubelaker 2002; Shirley and Jantz 2011).  Costal rib ends may also be used to 
estimate age (Đşcan et al. 1984; DiGangi et al. 2009).  Two of the most prominent 
methods for age-at-death estimation, which are considered in more detail below, include 
the pubic symphysis (Brooks and Suchey 1990; Katz and Suchey 1986; Todd 1920) and 
the auricular surface of the ilium (Buckberry and Chamberlain 2002; Lovejoy et al. 
1985).  
 Methods which approach age-at-death estimation by means other than gross 
observation of the physical skeletal or dental tissues are also possible.  Evaluation of 
bone histology can be utilized to estimate age-at-death (Kerley 1965).  Radiographic 
analysis of skeletal tissues can help to estimate age at death through techniques such as 
analysis of the wrist (Gruelick and Pyle 1959).  Recent research also indicates that 
computed tomography scans of skeletal features may have some use for estimating age-
at-death in the anthropological community (Wink 2011).  
Most of the macroscopic adult age-at-death estimation methods belong to two 
types of approaches, phased-based and component-based.  Phased-based estimation 
14 
methods are those that describe an entire skeletal feature for any number of variables with 
a gestalt approach: a single skeletal region is assigned an overall phase which 
corresponds to an age-at-death estimate (Brooks and Suchey 1990; Calce 2012; Đşcan et 
al. 1984; Lovejoy et al. 1985).  A component-based estimation method approaches age-
at-death estimation through separate scoring of individual variables comprising a singular 
skeletal region.  The scores from each of the variables are combined and used to provide 
age-at-death estimates; these estimates may be determined through various statistical 
approaches including use of confidence intervals or Bayesian theorem (Boldsen et al. 
2002; DiGangi et al. 2009; McKern and Stewart 1957; Rissech et al. 2006).  The gestalt 
approach of phased-based methods generally makes them considerably easier to apply 
and more efficient in time (Calce 2012), but may create more subjective observations 
when a single phase does not cover the entirety of the variation present (Shirley 2014).  
In contrast, the component-based approaches account for variation of each trait, but may 
be time-consuming and in some cases require mathematical approaches and population 
reference data for age estimations to be calculated (Boldsen et al. 2002; Rissech et al. 
2006; Shirley 2014). 
Age-at-death estimation methods present associated accuracy rates in a number of 
ways.  Manners in which age estimates are provided include those with associated 
confidence intervals (i.e., Brooks and Suchey 1990), a fixed age range spanning some 
number of years (i.e., Đşcan et al. 1984; Lovejoy et al. 1985; Todd 1920), or those which 
present point estimates of age and associated statistical parameters including confidence 
intervals and interquartile ranges (i.e., Buckberry and Chamberlain 2002; Rissech et al. 
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2006).  Fixed age ranges account for precision to the least degree, as estimates must be 
objectively decided upon without the ability to change the age ranges provided.  
Confidence intervals (CI) provide inherent accuracy that matches the percentage of the 
confidence interval─95% accuracy for methods providing 95% CI─and are thus 
beneficial as long as the age estimate range is not too large.  Point estimates with 
associated statistical data are the most comprehensive, as they allow application of mean 
or median age estimates with variable CIs. 
 
Multi-factorial Methods of Aging 
Studies which combine various methods for determining age-at-death have been 
conducted and found to have various effects on reliability, including substantial overlap 
of estimated age-at-death groups (leading to reduced precision; Rougé-Maillart et al. 
2004); variance in results based upon sex (Martins et al. 2012); and improved results in 
accuracy (Rougé-Maillart et al. 2007; Rougé-Maillart et al. 2009).   
Recent research has suggested that combined observations of both the auricular 
surface and pubic symphysis have suggested that overall accuracy is increased and that 
reliability is greater when combining the two methods (Boldsen et al. 2002; Martins et al. 
2012).  Rougé-Maillart et al. (2004) and Rougé-Maillart et al. (2007) combined 
observations of the auricular surface and acetabulum and reported increased accuracy and 
improved precision compared to use of the auricular surface alone.  Their findings 
support the need for continued research in multi-factorial age estimation approaches, but 
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also indicated the need for further assessment on the utility of the acetabulum as a stand-
alone indicator of age-at-death in individuals. 
 
Age-at-Death Estimation by the Human Os Coxae 
The os coxae has long been utilized for sexing and aging (Brooks and Suchey 
1990; Berg 2008; Buckberry and Chamberlain 2002; Buikstra and Ubelaker 1994; Falys 
et al. 2006; Fleischman 2013; Garvin and Passalacqua 2012; Gilbert and McKern 1970; 
Hartnett 2010; Katz and Suchey 1986; Klales et al. 2012; Lovejoy et al. 1985; Martins et 
al. 2012; McKern and Stewart 1957; Meindl et al. 1985; Moraitis et al. 2013; Osborne et 
al. 2004; Phenice 1969; Todd 1920; Walker 2005; Webb and Suchey 1985).  The os 
coxae can also be considered important because of a high frequency of recovery (60-
79%) in predator scavenging studies (Haglund 1997).  This high recovery rate is made 
more significant in cases with extended postmortem intervals where DNA analysis may 
no longer be possible (Calce and Rogers 2011).   
Age-at-death estimation techniques that use the os coxae include some of the most 
common for age-at-death estimation methods in forensic anthropology (Brooks and 
Suchey 1990; Buckberry and Chamberlain 2002; Lovejoy et al. 1985; McKern and 
Stewart 1957; Todd 1920).  The two most universally applied methods in forensic 
anthropology and bioarchaeological contexts include the Suchey-Brooks system for the 
pubic symphysis (Brooks and Suchey 1990) and Lovejoy et al.’s (1985) system for the 
auricular surface.  Both of these skeletal regions are also commonly investigated 
(Boldsen et al. 2002; Buckberry and Chamberlain 2002; Falys et al. 2006; Martins et al. 
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2012).  These methods which utilize the pubic symphysis and auricular surface are 
important to age estimation in human skeletal biology, and are commonly utilized among 
practitioners of forensic anthropology if those elements are recovered. 
The application and reliability of these methods is variable in practice and in 
known rates of accuracy, precision and error.  Todd (1920) is a phase-based approach, 
which includes morphological characteristics as the topography symphyseal surface, 
presence or absence of ridges and furrows, and development and breakdown of dorsal 
and ventral margin.  Each pubic symphysis is assigned one of ten phases, the first nine 
have age estimates that range between values of two to six years, and the tenth phase 
encompasses all individuals over 50 years.  Todd states that the method is less reliable in 
application to individuals beyond 30 years of age than for younger individuals, and that 
there is a “definite but not an invariable age relationship (Todd 1920:326).”  No accuracy 
or error rates were provided. 
McKern and Stewart (1957) reevaluated the pubic symphysis by expanding upon 
Todd (1920).  Unlike the constricted age ranges provided in the phase-based approach of 
Todd (1920), McKern and Stewart (1957) developed a component-based approach which 
captured variation of three distinct regions of the pubic symphysis (i.e., the dorsal demi-
face, ventral rampart, and symphyseal rim).  The three components are scored separately 
and used to establish an age estimate per component with a total summed score.  The 
method is considered about 90% accurate by the authors (McKern and Stewart 1957). 
Brooks and Suchey (1990) (described in Appendix A) re-introduced a phase-
based approach of age estimation from the pubic symphysis.  This method was created 
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using male and female autopsy samples from Los Angeles, CA and provides age 
estimates with a CI of 95%.  The method is considered to be most accurate in the first 
three phases and less accurate for phases IV through VI (Calce and Rogers 2012, Rissech 
et al. 2006).   
It has also been noted that the pubic symphysis is not always present on recovered 
remains and often when recovered it is in such poor condition among skeletonized 
remains as to be not useful for age estimation analysis (Buckberry and Chamberlain 
2002; Lovejoy et al. 1985).  However, the pubic symphysis remains the most widely used 
indicator of age-at-death, and arguably the most well-reviewed for aging remains of 
young to middle-aged adults (Garvin and Passalacqua 2012). 
Age estimation from the auricular surface is most commonly applied with either 
Lovejoy et al. (1985) or Buckberry and Chamberlain (2008).  Lovejoy et al. (1985) 
published the original method for auricular age-at-death estimation and utilized a phase-
based approach.  The method evaluates the superior and inferior demifaces, apex, and 
retroauricular area for variables such as micro and macroporosity, billowing, striations, 
and/or lipping.  Lovejoy and colleagues (1985) present eight phases, the first seven of 
which span five-year age cohorts, while the eighth encompasses all individuals 60 years 
and over.  Accuracy of the method overall is not published, but inaccuracy rates of 
between 3.3-9.9% have been noted based upon correct placement of individuals into each 
phase.  Interobserver error is claimed to show a correlation in assigned phase between 
0.76 and 0.81 (Lovejoy et al. 1985). 
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Buckberry and Chamberlain (2008) revised auricular surface aging by developing 
a component-based system.  Five variables are independently scored, following similar 
descriptions proposed in Lovejoy et al. (1985), and are utilized in sum to provide 
placement of an os coxae into one of seven phases with associated age ranges (Buckberry 
and Chamberlain 2008).  Each phase presents data on accuracy with mean age, standard 
deviation, median age, and range.  Spans of ten years of potential age estimates are given 
probabilities for correctly estimating age (Buckberry and Chamberlain 2008). 
Overall, researchers found that the techniques utilizing the pubic symphysis and 
the auricular surface are both less accurate in estimating age-at-death for individuals over 
40 when compared to the ability to estimate ages of less than 40 years (Calce and Rogers 
2011).  While the auricular surface aging techniques have generally shown to be as 
accurate as the pubic symphysis (Buckberry and Chamberlain 2002), the auricular surface 
itself is considered to be more durable than the pubic symphysis and is often applied in 
archaeological and/or historical contexts (Buckberry and Chamberlain 2002; Lovejoy et 
al. 1985).  Despite these advantages, aging with the auricular surface method is 
considered difficult by numerous researchers (Buckberry and Chamberlain 2002; Rougé-
Maillart et al. 2007).  
 
The Acetabulum and Age-at-Death Estimation 
Several researchers assert that the acetabulum is especially beneficial for age-at-
death estimation of older individuals due to the slow development of the acetabulum into 
maturity (Rougé-Maillart et al. 2009), followed by the prolonged degeneration of the 
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acetabulum as an individual achieves old age (Calce 2012; Calce and Rogers 2011; 
Rissech et al. 2006; Rougé-Maillart et al. 2007; Rougé-Maillart et al. 2004).  The 
development of the acetabulum into maturity occurs from the growth of three bones: the 
union of the ischium, ilium, and pubis (Bass 2005:192; Rissech et al. 2001; White and 
Folkens 2005).  The fusion of the acetabulum occurs as early as the age of 13 and is 
normally completely fused by age 16 years (Rissech et al. 2001).  Degeneration of the 
acetabulum is then congruent with increasing chronological age as the bony region of the 
acetabulum begins to display increased porosity and unorganized growth (Rissech et al. 
2006).  The unorganized bony growth is a result of osteophyte and enthesophyte 
formation on the landmarks of the acetabulum in relation to progressing age (Rogers et 
al. 1997).  While bony growth formations such as osteophytes and enthesophytes are 
often associated with osteoarthritis and pathologies that degrade the quality of bone 
health, they are also a normal occurrence that steadily develop with increasing age – due 
in part to biomechanical factors and systemic predisposition – and are in fact what help 
make the acetabulum useful in determining old age (Cunha et al. 2009; Ortner 2003; 
Rogers et al. 1997).   
Hip dysplasia is another pathology that is not considered to affect age estimation 
when using the acetabulum (Rougé-Maillart et al. 2004).  This is because the condition is 
localized to affecting the cartilage of the region and not the bone.  Pathologies that 
present in the acetabulum that do create cause for concern when using the structure for 
age estimation are those that impact the ability to observe the traits used in the method 
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being applied, such as surgical implants or severely damaged bone that inhibits 
observation of the traits included in the method (Calce 2012).  
 
Previous Methods of Aging the Acetabulum 
The first comprehensive technique using the acetabulum as a sole indicator of 
age-at-death was developed as a method that codes multiple morphological variables 
analyzed within a Bayesian framework (Rissech et al. 2006).  This method developed by 
Rissech et al. (2006) includes seven variables of the male acetabulum and was developed 
upon 242 individuals evaluated from the Esqueletos Identificados skeletal collection at 
the University of Coimbra in Portugal (Rissech et al. 2006).  The seven variables 
analyzed include:  (1) acetabular groove, (2) acetabular rim shape, (3) acetabular rim 
porosity, (4) apex activity, (5) activity on the outer edge of the acetabular fossa, (6) 
activity of the acetabular fossa, and (7) porosities of the acetabular fossa (Rissech et al. 
2006).  Scores associated with each variable and corresponding characteristic (see 
Appendix B) are determined and used in sum to establish a total score that is used to 
create an age estimate based on the data from the reference population (Rissech et al. 
2007; Rissech et al.2006). 
Individuals with non-inflammatory osteoarthritis or diffuse idiopathic skeletal 
hyperostosis (DISH) were included in the study due to the normal exhibition of these 
pathological conditions with increased age (Cunha et al. 2009; Rissech et al. 2006; 
Rogers et al. 1997).  The results of Rissech et al.’s research was promising in their ability 
to accurately place an observed acetabulum within broad age ranges of 10 years (20 years 
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total) 89% of the time, and within 5 year ranges (10 years total) 67% of the time, 
regardless of age of the individuals (Rissech et al. 2006).  However, other researchers 
found the Rissech et al. (2006) method difficult to apply consistently (Calce and Rogers 
2011).  A validation study conducted sample of individuals from the Grant Collection at 
the University of Toronto, Calce and Rogers (2011) found that while Rissech et al (2006) 
was useful for improved discrimination among the very old, the scoring technique was 
difficult to use consistently.  Calce and Rogers (2011) suggested that this is because all 
seven of the variables being evaluated must be present in good condition and also 
because of “ambiguous” variable characteristic descriptions (Calce 2013:333).  Calce and 
Rogers (2011) were not the first researchers to conclude that the number of traits used in 
aging the acetabulum should be reduced; Rougé-Maillart et al. (2007) and Rougé-
Maillart (2009) also reduced the number of variables which they observed on acetabular 
aging. 
In another validation study of the Rissech et al. (2006) method, Mays (2012) 
similarly found that not all seven variables were statistically significant with respect to 
estimating age-at-death.  Mays (2012) determined that three variables were not indicating 
a relationship with age: activity on the outer edge of the acetabular fossa, activity of the 
acetabular fossa, and porosities if the acetabular fossa.   
 
The Calce Method 
 When previously evaluating the validity of the Rissech et al. (2006) 
method on the Grant Collection housed at the University of Toronto (Calce and Rogers 
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2011), statistical analysis revealed that not all of the seven variables utilized in the 
Rissech method corresponded to increasing age-at-death (Calce 2012).  These variables 
were removed from consideration in the development of the Calce method.  The four 
Rissech et al. (2006) variables removed from observation in Calce (2012) were: (1) 
variable 2, acetabular rim shape, (2) variable 5, activity on the outer edge of the 
acetabular fossa, (3) variable 6, activity of the acetabular fossa, and (4) variable 7, 
porosities of the acetabular fossa.   
Calce (2012) utilized the findings from the Calce and Rogers (2011) research to 
develop a method that would maintain accurate age-at-death estimation through a phase-
based (qualitative) approach.  This was accomplished through both a step-wise multiple 
regression approach on the Grant Collection sample, and through a known-age seriated 
study of 100 male os coxae (Calce 2012).  The three traits identified by Calce (2012) in 
the seriated study of the Grant Collection are:  (1) acetabular groove, (2) rim porosity, or 
osteophyte development of the acetabular rim, and (3) apex activity (Calce 2012).  The 
third (acetabular rim porosity) and fourth (apex activity) variables of the seven found in 
the Rissech et al. (2006) method were revised and reassigned as trait number two and 
three, respectively (Calce 2012).  Trait 2 of the Calce method was also changed from 
being called “acetabular rim porosity” (Rissech et al. 2006) to “osteophyte development 
of acetabular rim” (Calce 2012:12) in order to encompass greater variation that occurs in 
relation to age in the skeletal trait.  Calce (2012) also edited the descriptions for each of 
the three traits found in her method, detailed in Table 1, below. 
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In an effort to make use of the acetabulum as an age-at-death indicator more practical, 
Calce’s (2012) revision to the Rissech et al. (2006) method involved structuring the 
method as a three-phase system.  This new approach of evaluating three traits of the 
acetabulum was conducted on a sample of 90 males from the Grant Collection and the 
WMBDSC at UTK (Calce 2012) and 39 females from the WMBDSC.  From these 
evaluations Calce was able to determine through seriated study that the method 
developed on the Grant Collection upon male individuals was similarly applicable to 
female individuals.  From this part of the study, Calce (2012) established three age range 
groups that are not sex-specific to the given descriptions.   These three age-at-death 
ranges that an analyzed acetabulum could fit into are:  young adult 17-39 years, 40-64 
years, and 65+ years at death (Calce 2012).   
By establishing these new descriptions to be used with her method, Calce (2012) 
claimed to provide reduced confusion among observers in distinguishing the three phases 
of the method (Calce 2012).  Also, through development of a qualitative observational 
method, Calce (2012) simplifies the tactic when compared to the Bayesian approach used 
in the Rissech et al. (2006) method.  
 Descriptive guidelines for analysis by the Calce method (2012) are given above 
(Table 1), while Figures 1-3 display figures of the features on the os coxae as described 
in the method.  
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Calce (2012) Score/Estimated Age – Descriptions 
1) Young Adult (17-39 years) 
(1) Acetabular Groove – No groove.  No anatomical interruption between the lunate surface and 
rim; lunate surface appears smooth and dense’ rim appears rounded. 
A slight groove may surround 25% or less of the surface area of the acetabular rim.  Slight groove is 
visible and palpable by running thumb from superior portion of the lunate surface over the acetabular 
rim which may appear slightly sharpened as a result.  Fossa appears shallow. 
(2) Osteophyte Development of the Acetabular Rim – Bone appears smooth or dense in the 
superior area of the lunate surface, below the anterior inferior iliac spine.  Normal bone density is 
observed in this area.  Architecture of the rim where it meets the lunate surface is generally dense and 
exhibits little-to-no osteophytic development.  Microporosities (<1mm) on the ilio-pubis and/or ilio-
ischial surface may be found adjacent to the rim. 
(3) Apex Activity – At the posterior lunate surface: apex is blunted, rounded, and smooth to the 
touch; no spicule has formed.  In cases of slight activity, apex is still somewhat rounded but a sharp 
point is palpable.  Apex has become longer or a small spicule less than 1mm can be felt. 
2) Middle Adult (40-64 years) 
(1) Acetabular Groove – Pronounced groove is visible between lunate surface and rim; surrounds 
25-75% surface area below the acetabular rim. 
Clear anatomical interruption is observed between lunate surface and rim; groove is deepened: (1) 
making the rim appear sharp; (2) forming a noticeable crest along most of the rim.  As a result, fossa 
appears at a lower position relative to the rim extending inward from the lunate surface. 
(2) Osteophyte Development of the Acetabular Rim – Osteophyte development on the superior 
area of the lunate surface below the anterior inferior iliac spine results in either: (1) a slight raise of 
the acetabular rim which is roughened to the touch, although no spicules are present; or (2) a rough 
acetabular rim where bone is spiculed and sharp.  Bone is not rounded or smooth in this area.  As a 
result of spiculed bone, slight crest formation is visible, but bone still appears dense.  Micro- and 
macro- porosity (>1mm) may be observed. 
(3) Apex Activity – Moderate activity at apex; a conspicuous osteophyte develops larger than 1mm, 
which can be seen with the naked eye; and may surround the entire horn of the posterior lunate 
surface. 
3) Old Adult (65+ years) 
(1) Acetabular Groove – Very pronounced groove is visible between the lunate surface and rim; 
surrounds more than 75% surface area below the acetabular rim.  Very pronounced groove is 
extremely deep.  There is obvious discontinuity between this area and the lunate surface.  As a result, 
rim appears sharp and crest is heightened so that fossa appears at a lower position relative to the rim 
extending inward from the lunate surface. 
(2) Osteophyte Development of the Acetabular Rim – Groove may be obliterated by extreme 
osteophyte development on the rim; bone remodeling at the rim eliminates a once present groove, 
replacing it with an irregular surface of spiculed bone or porous crest.  Tissue discontinuity between 
the lunate surface and the rim is faint, or nonexistent.  A destructured rim is found below the inferior 
iliac spine.  Bone growth encroaches on the superior area of the lunate surface forming a raised rim; 
or very high crest.  Bone may be porous in this area but micro- and macroporosity is dependent upon 
degree of osteophytic development.  Alternatively, bone many appear dense with large bony spicules 
to form an irregular, bumpy surface that is roughened to the touch. 
(3) Apex Activity – Extreme activity at apex; a prominent osteophyte develops larger than 3 mm, and 
may surround the entire horn of the posterior lunate surface.  Osteophyte may cross acetabular notch 
to meet the anterior horn of lunate surface and may be larger than 5 mm. 
Table 1.  Complete descriptions given by Calce (2012) for age estimation by the 
acetabulum. 
Figure 1.  The three traits
(Calce 2012:15). 
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 for the young adult category of 17-39 years at death 
 
 Figure 2.  The three traits for the 
(Calce 2012:16).  
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middle adult category of 40-64 years at death 
 
 Figure 3.  The three traits
2012:17).  
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 for the old adult category of 65+ years at death (Calce 
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Calce’s Test of The Newly Developed Method 
 After Calce (2012) established the three traits and three age range groups, a study 
of the method’s utility was conducted upon a contemporary North American sample (n = 
249).  The sample included male individuals from the WMBDSC and both male and 
female individuals from the University of New Mexico Documented Collection (UNM), 
housed at the Maxwell Museum of Anthropology at the University of New Mexico 
(Calce 2012).  In this part of the study, observations of female individuals were scored 
only on the sample from UNM, because female observations at the WMBDSC were 
completed to evaluate the applicability of the method’s descriptions on female 
individuals (Calce 2012). 
The test sample was chosen from 300 individuals, 51 of which were not evaluated 
for scoring due to unsuitable condition of the skeletal element from either surgical 
alteration or poor preservation of the acetabulum (Calce 2012).  Of the 249 individuals 
used in the test study, 207 were White, with only 7% Black and 6% Hispanic.  All 
individuals selected were chosen blind and randomly from each age category.  
Individuals that exhibited non-inflammatory osteoarthritis were not excluded due to this 
pathological condition manifesting with age.  The left os coxae was utilized for this 
study, unless it was considered in unacceptable condition, in which case the right side 
was used in substitute.  During review of the collected scoring, each individual was 
considered either correctly placed into their appropriate age range or not (Calce 2012). 
When accounting for intra-observer error, a subsample of 45 individuals from the 
total sample was chosen for re-evaluation through a second examination of the 
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acetabulum (Calce 2012).  From this subsample, 43 were assigned the same estimated 
age range score as the first evaluation by the observer, thus establishing an intra-observer 
error rate of 4.4%.  For inter-observer error rate, three additional independent observers 
with varied osteological experience examined a subsample of 55 os coxae.  Kappa test 
statistics from the inter-observer test was κ = 0.569.  These kappa scores indicate that 
there was moderate to substantial agreement (see kappa agreement values in Table 2) 
between observers.  Overall reproducibility of the Calce method was therefore considered 
to exhibit only a modest amount of calculated error (Calce 2012).  
Results from the study testing the new method established the overall accuracy of 
the Calce method at 81% (Calce 2012).  Of the 19% considered improperly assigned, the 
tendency was to underestimate age-at-death by one age-range category.  Group-by-group 
for age (young adult, middle adult, and old adult) the accuracy rates were found to be 
85%, 83%, and 78%, respectively.  It was also found that there was no significant 
difference in analysis of the method based on sex (Calce 2012).   
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Kappa Agreement 
< 0 Less than chance agreement 
0.01 – 0.20 Slight agreement 
0.21 – 0.40 Fair agreement 
0.41 – 0.60 Moderate agreement 
0.61 – 0.80 Substantial agreement 
0.81 – 0.99 Almost perfect agreement 
Table 2.  Kappa test value interpretation (Viera and Garrett 2005).  
 
Summary of the Correspondence Between Rissech and Calce 
 Rissech (2013) indicated that many aspects of the Calce (2012) study were 
problematic.  Rissech targeted Calce’s broad age ranges as too imprecise.  A specific 
example provided is that a individual who is 18 is not the same as an adult who is 38, and 
yet Calce’s (2012) method scores these two ages as the same (Rissech 2013:332).   
 Rissech also claims that Calce’s method is problematic in how it classifies age-at-
death ranges.  Rissech notes that one indicator (such as acetabular rim) is not likely to 
align with another indicator (such as apex activity) when attempting to score and classify 
an individual into an age classification as proposed by Calce (2012).  This is likely the 
most important aspect of Rissech (2013), as it indicates an important flaw that may exist 
in the application of the Calce (2012) method. 
 Calce (2013) indicates the process through which she developed the “robust” age 
ranges of her revised method for age estimation through observation of the acetabulum 
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(Calce 2012:21; Calce 2013:334) by clarifying that the three age ranges were calculated 
through a combination of statistical approaches including correspondence analysis, 
nonmetric multi-dimensional scaling, and principal co-ordinate analysis.  Calce then 
defends the published method and its broad age ranges, and argues that there are inherent 
limitations to ALL” methods of age estimation of the human skeleton (Calce 2013:334).  
In addition, Calce cites Garvin and Passalacqua’s (2012) study, which indicated that the 
Suchey-Brooks method (1990) remains the most popular (see Appendix A) despite its use 
of broad age ranges (Calce 2013). 
 
Validation Study of the Calce (2012) Method 
 Mays (2014) was the first to publish results from a validation study of the Calce 
(2012) method.  In his study, Mays (2014) evaluated the acetabula of 185 individuals 
drawn from the collection of human skeletons recovered from the crypt at Christ Church 
Spitalfields, an osteological collection located in London, England.  The individuals that 
were utilized from this collection were buried with coffin plates indicating their age, 
name, date of birth, and date of death (Mays 2014).  Mays (2014) evaluated the left os 
coxae, substituting the right element when the left was missing or damaged, following the 
direction of the Calce (2012) method.  In this study each individual was evaluated for 
each of the three traits, and only if two or more of the three traits matched was an age 
classification assigned, corresponding to that age range. 
 The findings from May’s (2014) research did not corroborate the reliability of 
Calce’s conclusions (2012).  Mays (2014) reported an overall placement of individuals 
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into the correct age classification in 45% of all cases.  This result varies remarkably from 
that of the original study, where Calce (2012) reported an overall accuracy of 81%.   
 While the overall accuracy of this newly developed method of estimating age-at-
death from the acetabulum did not perform well, there is evidence supporting the fact that 
there is a correspondence with age in using this method.  Review of the study data by 
estimated age group indicates that there is a classification with increasing age-at-death 
(Table 3).  This suggests that there is a correlation between the morphology of the 
acetabulum and physiological age.  However, Table 3 also indicates that the age ranges 
proposed by Calce (2012) are not broad enough, and that the range of age-at-death for 
each of the three estimated age groups overlap greatly. 
 The overall results of Mays’ (2014) study, with an accuracy of 45% correct 
classification, indicate that this method for estimating age-at-death is not strong and 
should not be utilized for forensic applications.  Mays (2014) suggested that there is a 
need for more inter-population studies to be performed on this method before it is applied 
to estimating age-at-death of an unknown skeleton.
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                                                               Actual Age  
 Male Female Total 
Age class According to 
Acetabular Morphology 
N Median IQR N Median IQR N Median IQR 
Young Adult (17-39 years) 40 46.5 22.3 48 53.0 29.0 88 49.0 24.3 
Middle Adult (40-64 years) 29 63.0 13.0 33 60.0 17.0 62 62.0 17.3 
Old Adult (65+ years) 13 67.0 13.5 10 74.5 25.0 23 71.0 18.0 
 
Table 3. (Mays 2014) – IQR, median, minimum, and maximum of the sample by estimated age groups. 
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CHAPTER 3:  MATERIALS AND METHODS 
Materials 
For this study ossa coxa from the WMBDSC, a collection of modern skeletal 
remains located at UTK, were utilized.  This skeletal assemblage of more than 1350 
individuals provides the most extensive modern sample for reference of the population of 
the United States, and was chosen because of both the large number of individuals 
available for study and its relevance for evaluating techniques of forensic interest.  This 
skeletal collection is considered appropriate for testing forensic methods based upon the 
fact that it is composed of individuals with known demographic data (including age-at-
death) who have died within the time since its inception.   
The limitation faced in the current study is due to the skewed age distribution of 
the WMBDSC favoring older individuals (Figure 4).  This effectively restrained the 
current study sample to a smaller number of individuals whose age-at-death is under 40 
years compared to those 40 years and older.  Therefore, the known age-at-death 
breakdown of the current study sample composition was of great importance in preparing 
for this study.  The reason for this is because the Calce (2012) method provides three age 
ranges (17-39, 40-64, and 65+ years) that must be represented in the present study for an 
appropriate evaluation of the reliability of the method.  
 Based upon the age structure of the WMBDSC (Figure 4), the study sample was 
specifically designed prior to data collection to include all of available individuals within 
the 17-39 year age cohort, while the remainder of the sample was structured to balance 
the number of individuals included in the 40-64 and 65+ year cohorts.  To achieve the  
36 
 
Figure 4.  Graphical representation of the actual age-at-death of individuals in the 
William Bass Donated Skeletal Collection (http://fac.utk.edu/collection.html).  
 
desired sample size, additional skeletons were chosen randomly from the collection for 
inclusion in the current study, which increased the total number of observed skeletons to 
524.  These additional individuals were chosen randomly so that demographic data 
remained unknown until after data collection was complete. 
 Of the 524 individuals observed, 489 (318 male and 171 female) were included in 
the final analysis.  Thirty-five individuals were considered unsuitable for inclusion in the 
current study due to one of the following reasons:  surgical implantation or prosthesis 
obstructing the acetabulum from proper observation, no accompanying known age-at-
death data, postmortem damage to one or more of the three traits 
because the os coxae was 
 The average age of the scored sample (n=489) was 57.3 years with a standard 
deviation of 15.0 years (male average age: 55.3
61.0±14.6 years), and an age range encompassing 19
structure of the current study sample.
were Black (9%), 7 were 
of mixed ethnicity/ancestry (1%).
individual having both the
approach 472 individuals were assigned scores for both their left and right acetabulum.
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of the acetabulum
not present in the collection during the data collection period
±14.9 years; female average age: 
-99 years.  Figure 6 
  Of the 489 individuals, 431 were W
Hispanic (1%), and 3 individuals each were American Indian or 
  The study sample was observed bilaterally, 
 left and right os coxae being evaluated for score.  Through this 
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score of 1-3 was assigned to each os coxae based upon how it fit overall into the 
descriptions for the three age range classifications as described by Calce (2012).  A score 
of 1 corresponds to the os coxae fitting into the description of the group Young Adult, 
ages 17-39 years-at-death; a score of 2 for Middle Adult, ages 40-64 years-at-death; and a 
score of 3 for Old Adult, ages 65+ years-at-death.  Descriptions of the Calce (2012) 
method are given in Table 1 and presented in Figures 1-3 above.  Example photographs 
for scores 1-3 are provided below (Figures 8-16).  No image for trait (1) acetabular 
groove, is provided, for the trait is difficult to provide photographic evidence of due to 
the angle and circumferential nature of the acetabular rim, the landmark at which the 
groove is observed.  The author generated all photographs. 
Figure 7.  Example of an acetabulum that would score as 1, young adult, 17
years. 
40 
 
-39 
Figure 8.  Example of an acetabulum that would score as 3
for Calce (2012) trait 2 –
rim. 
41 
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 rim porosity/osteophyte development of the acetabular 
 
-39 years 
Figure 9.  Example of an 
for Calce (2012) trait 3 –
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acetabulum that would score as 1, young adult, 
 apex activity. 
 
17-39 years 
Figure 10.  Example of an acetabulum that would score as 2, middle adult, 40
years. 
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Figure 11.  Example of an 
years for Calce (2012) trait 2 
acetabular rim. 
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Figure 12.  Example of an 
years for Calce (2012) trait 3
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acetabulum that would score as 2, middle adult, 40
 – apex activity. 
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Figure 13.  Example of an acetabulum that would score as 3, old adult, 65+ years.
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Figure 14.  Example of an acetabulum that would score as 3, old adult, 65+ years
Calce (2012) trait 2 – rim porosity/osteophyte development of the acetabular rim
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Figure 15.  Example of an acetabulum that would score as 3, old adult, 65+ years
Calce (2012) trait 3 – apex activity
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Bilateral Analysis Testing 
While collecting data for the current study the left ossa coxa were evaluated first 
and a score was assigned for each individual.  The order of evaluation of the sample was 
then randomized before the right os coxae for each individual was evaluated and scored, 
without consulting the left os coxae. This approach was taken to eliminate any bias that 
may be formed from a simultaneous evaluation of both the left and right os coxae during 
bilateral assessment of the entire study sample. 
 
Error Testing 
After completing the initial evaluation of the entire sample, the individuals were 
randomized from the sample and a subsample of 116 individuals was re-evaluated for an 
intra-observer error test.  The individuals were once again observed bilaterally and 
assigned a score of 1, 2, or 3 according to the same approach of the Calce (2012) method 
as taken for the first set of scores assigned to the entire sample.  Thus, the left ossa coxa 
were first observed and scored without consulting the right os coxae, and then the sub-
sample was randomized once again and the right os coxae were evaluated and scored 
without the left os coxae being consulted.  The original scores were not considered during 
this process. 
A final evaluation was conducted for use in analysis of inter-observer error.  A 
peer with similar education and knowledge of osteology evaluated the same 116 
individuals that were included in the intra-observer sub-sample.  For this evaluation, a 
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bilateral assessment was once again conducted in the same manner as the intra-observer 
scoring. 
In both the intra- and inter-observer error test subsample 114 individuals were 
assigned scores.  The intra-observer subsample provided scores to 225 ossa coxa, and 224 
ossa coxae received scores in the inter-observer evaluation.  Kappa statistic testing was 
completed to evaluate both intra- and inter-observer error rates.  The kappa statistic 
measures agreement (in observer variation) and can be utilized to assess the reliability of 
a scoring method through comparison of the results from two data sets that have observed 
the same individuals (Viera and Garrett 2005).  In other words, a kappa statistical test 
measures the ability between two observations (these observations may be from the same, 
or by different observers) to be able to assign the same score value to each unique 
individual, making the kappa statistic test one of reliability.  Furthermore, the kappa test 
corrects for agreement by chance (i.e. random agreement) by accounting for this variable 
within the equation (Komar and Buikstra 2008).  By reading the results of a kappa test, 
the magnitude of agreement between two observations can be given a quantifiable value.  
Interpretation of kappa value and level of agreement can be found in Table 2. 
 
Transition Analysis Testing 
 When using a method that estimates age-at-death with a scoring approach, it is 
possible to evaluate not only the accuracy and precision at which these methods are able 
correctly to estimate age-at-death, but to also assess the age at which the individuals of 
the study transition from one age classification (or score) to the next (Boldsen et al. 2002; 
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Franklin and Flavel 2013; Langley-Shirley and Jantz 2010; Shirley and Jantz 2011).  The 
program NPhases 2, developed by Konigsberg, was utilized for this purpose (available at 
http://konig.la.utk.edu/nphases2.htm).  This program provides wide age ranges which are 
statistically determined through a Bayesian framework and account for some of the 
shortcomings related to age-at-death estimation, including age mimicry and sample size 
limitations (Boldsen et al. 2002; Konigsberg et al. 2008; Langley-Shirley and Jantz 2010; 
Shirley and Jantz 2011). 
 In the method for estimating age-at-death by use of the acetabulum proposed by 
Calce (2012) there are three age classifications.  In a transition analysis of this method 
there will be two transition phases.  The first transition stage represents the age at which 
scores transition between estimated groups young and middle adult, which represent age 
ranges 17-39 and 40-64, respectively.  While the second transition stage represents the 
age at which scores transition between estimated groups middle and old adult, which 
represents age ranges 40-64 and 65+, respectively. 
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CHAPTER 4:  RESULTS 
Results 
 Independent t-test of the sample indicates that there was similar variance in age 
between the males and females of the study sample (evident by the mean age of 
males=55.255±14.8662, and the mean age of females=61.029±14.6156), but that there 
was a significant difference between the age structures of the two sexes (significance of 
0.578, 2-tailed significance of 0.000) due to the difference in the means of the sexes.  
Additional independent t-tests of the study sample were run based on the three known 
age-at-death ranges provided in Calce (2012):  17-39 years, 40-64 years, and 65+ years.  
These tests indicate similar variance in age between the male and female sexes of the 
study sample by known age group, and in contrast to the sample overall, each group 
indicated no significant difference between the age structures of the two sexes within 
each known age group (for 17-39 years: significance of 0.717, 2-tailed significance of 
0.330; for 40-64 years:  significance of 0.332, 2-tailed significance of 0.264; for 65+ 
years:  significance of 0.307, 2-tailed significance of 0.110).  Due to the findings from 
these t-tests, data for the measurement from the male and female individuals were 
analyzed together, as described in Calce (2012).  In Figure 17 the estimated score of each 
individual is plotted against his or her known age. 
Figure 16.  The known ages represented by sex in the study sample with placement 
based upon the estimated score received during evaluating age
circle outline represents each know
each known age female that received the same placement based upon estimated age
at-death score. 
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assigned a score.  This correlates with the approach as described by the Calce method 
(2012). 
 To assess for intra-observer error a subsample of 224 ossa coxa representing 114 
individuals (71 males, 45 females) were re-evaluated and assigned a score during a 
second observation by the primary researcher who scored the entire sample.  These 
second scores were taken following the protocol outlined in the methods section.  
Correlations between first and second observations resulted in an intra-observer error 
kappa test value of 0.79, representing a substantial agreement between observations by 
the author (see Table 2).  The results of this test indicate that the method is reliable on an 
intra-observer level. 
 For inter-observer error in scoring, a peer with similar level of training in skeletal 
biology utilized the same subsample that was utilized in evaluating intra-observer error.  
The scores observed in this evaluation were compared against the original scores 
assigned by the primary observer.  Inter-observer precision was found to have a kappa 
value of 0.54, representing moderate agreement between scores assigned by the two 
observers.  All scores assigned for this observation were collected following the same 
protocol as the primary observer, as described in the methods section, and were also 
made blind to the scores of the primary observer.  The results of this test indicate that this 
method is reliable on the inter-observer level. 
 Overall evaluation of the effectiveness for this method to accurately estimate age-
at-death involved an analysis of the left os coxae of each individual, substituting the right 
element when the left was not deemed appropriate for use (the bone displayed 
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postmortem damage, age-at-death data was not available, the bone was surgically altered, 
or the bone was not present).  Of the 489 individuals (318 males and 171 females) that 
were scored, seven had the right elements used in place of left.  In the current study 
comparison of estimated age classification (assigned score of 1-3) to known age-at-death 
revealed a 62.2% accuracy rate.  This comparison indicates that overall, individuals in 
this sample were correctly placed into an estimated age range as defined by the Calce 
method (2012) 62.2% of the time.  Results from the overall classification of age 
estimation in comparison to known age of the individuals is presented in Figure 18, 
where the IQR is displayed for each estimated age group (Table 3).  
 For the three estimated age range classes that are described in the Calce (2012) 
method, the actual age ranges are much larger than those proposed for young adult (17-
39), middle adult (40-64), and old adult (65+) years at death.  With 100% confidence 
interval following the data from the current study, the age ranges for each of the three 
stages are:  young adult, 19-64 years; middle adult, 26-91; and old adult, 36-99.  
 From the subsample of 116 individuals utilized to evaluate intra- and inter-
observer error, 113 had known age-at-death data provided by the WMBDSC.  The scores 
from the intra-observer test subsample estimated age of individuals following the Calce 
(2012) method accurately in 58.4% of cases.  The scores from the inter-observer test 
subsample estimated age of individuals following the Calce (2012) method accurately in 
66.4% of cases. 
 
 Figure 17.  Interquartile range, median, minimum, and maximum of the sample by 
estimated age groups. 
 
 Kruskal-Wallis tests confirm that there are significa
the groups.  This indicates that there is a difference between the known identified ages 
and scores for each group.  In other words, the application of the method constructed 
estimated age-at-death ranges that had different a
trend in increasing age-at
current study.
10 20 30
1
2
3
Sc
o
re
d 
A
ge
 
R
a
n
ge
Known Age vs Scored Age Range
56 
nt differences between each of 
ge ranges increasing in known age.  A 
-death was established through use of Calce (2012) in the 
40 50 60 70 80
Known Age (years)
 
90 100
31 
                                                               Actual Age  
 Male Female Total 
Age class According to 
Acetabular Morphology 
N Median IQR N Median IQR N Median IQR 
Young Adult (17-39 years) 29 31 13 9 39 13 38 34 16 
Middle Adult (40-64 years) 200 53.5 18.25 100 59 16 300 55 18 
Old Adult (65+ years) 89 65 16 62 67 17 151 66 14.5 
 
Table 4.  Current Study Data – IQR, median, minimum, and maximum of the sample by estimated age groups.
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Kruskal-Wallis Test Results 
Tested Groups  Chi-Square 
1 and 2 56.105 
1 and 3 65.965 
2 and 3 77.455 
Table 5.  Kruskal-Wallis test results with corresponding Chi-Square values. 
 
 From the results of this study there is also an interest in evaluating for any 
variability in the effectiveness of Calce (2012) as to how accurately age is estimated 
between each of the three age-at-death groups.  In Table 5, data from the current study 
are sorted by estimated age class and sex in regards the number of individuals within 
each age cohort, the accuracy rate of the applied method for correct classification of 
estimated age-at-death compared to known age-at-death, and the average known age of 
the discrete sample.  
 
Bilateral Analysis 
 Of the entire sample of 524 individuals, 472 individuals had both a right and left 
os coxae scored for acetabular age according to the Calce method.  Bilateral symmetry 
was evaluated from the data of these individuals.  The other remaining 52 individuals 
were not utilized because either one or both acetabula were considered unobservable, and 
thus were not scored.  In this subsample the percentage of individuals who were assigned 
the same score to both the left and right sides was 80.9%.
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Estimated 
Age Class 
Total Male Female 
N % Correct 
classification 
Average 
age 
N % Correct 
classification 
Average 
age 
N % Correct 
classification 
Average 
age 
1 
(17-39 years) 
66 42.4 32.7 52 44.2 32.3 14 35.7 33.9 
2 
(40-64 years) 
265 72.1 53.7 178 73.6 53.4 87 70.0 54.4 
3 
(65+ years) 
158 53.8 73.5 88 52.3 72.5 70 55.7 74.7 
 
Table 6. Study results based upon sex per age classification.59
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Transition Analysis 
The data used for the transition analysis in this study comes from the evaluation 
of left os coxae where right elements were substituted when the left elements were not 
suitable for scoring.  A sample size of 489 individuals was utilized as the data run 
through Konigsberg’s statistical program Nphases2 (available at 
http://konig.la.utk.edu/nphases2.htm).  The output data from NPhases is provided in 
Table 6: 
 
Transition Ages 
Transition Groups  Age (years) 
Transition Stage 1 22.7±2.7 
Transition Stage 2 69.3±1.4 
 
Table 7.  Transition analysis data, n=489. 
61 
CHAPTER 5: DISCUSSION AND CONCLUSION 
Discussion 
 The current study estimated age-at-death through analysis of the acetabulum and 
applied the method described by Calce (2012) on a contemporary North American 
sample (n=489).  In this study, the results produced a correlation of increasing estimated 
age-at-death (physiological age) with increasing known age-at-death (chronological age).  
While this correlation is proven significant through Kruskal-Wallis statistical tests (see 
Table 4) there is significant overlap in the known age-at-death ranges following the 
descriptions for the three age ranges (young adult, middle adult, and old adult) as 
determined by the current study. 
 Overall, correct assignment of estimated age-at-death utilizing the Calce (2012) 
method produced an accuracy rate of 62.2% in the current study.  This finding falls short 
of the expected 81% accuracy rate claimed in the original publication of the Calce (2012) 
method.  However, the accuracy rate of 62.2% found in the current study demonstrates 
that this method is more accurately applied to the sample used at the WMBDSC than that 
of the Spitalfields sample tested by Mays (2014), who demonstrated that the method 
correctly estimated age to individuals in only 45% of cases.  The findings of these three 
studies demonstrate that subsequent validation studies of the Calce (2012) method do not 
meet the results of the original study and that there is large variation in the accuracy 
found among primary observers of each study.  Table 7 presents comparative data from 
the three studies testing the Calce (2012) method.
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Comparison of Age Estimation Results of Acetabulum by Calce (2012) Method 
Study Sample Size (n) Accuracy Intra-observer Error (κ) Inter-observer Error (κ) 
Calce (2012) 249 81% N/A 0.569 
Mays (2013) 173 45% N/A N/A 
Current Study 489 62% 0.79 0.54 
 
Table 8.  Comparison of the results from Calce (2012), Mays (2013), and the current study of age estimation by the 
acetabulum following Calce (2012). 
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 Intraobserver error in the current study (κ=0.79) indicates a substantial agreement 
(Table 2) between observations made by the primary observer, although interobserver 
error was reported as moderate agreement (κ=0.54).  This compares to Calce (2012) 
where interobserver error rates of the overall score (proper phased-based approach) 
indicate between moderate and substantial agreement in score assignment (κ=0.569-
0.796).  Intraobserver error in Calce (2012) was reported as 4.4% of scoring.  Overall this 
indicates that assigning scores is not substantially reliable across observers, and is a 
source of practitioner error contributing to decreased accuracy of the method.  
 Results from the transition analysis indicate that at 22.7 years, the age of 
transition between young adult and middle adult is low.  This early transition age does 
not support the estimated age ranges proposed in the original research publication by 
Calce (2012), where the first and second age ranges meet at 39 and 40 years.  The age of 
transition between middle adult and old adult falls at 69.3 years. This later transition age 
is closer in agreement with that proposed by Calce (2012), where the estimated age 
ranges meet between 64 and 65 years of age.  
 The early age-at-transition of Stage 1 may be explained by three potential 
hypotheses.  The first hypothesis is that the method is poor and that the descriptions of 
Calce (2012) are inadequate at accounting for the variance associated with age-at-death 
estimation.  The second hypothesis is that an age-at-death estimation method by the 
acetabulum cannot account for age-at-death in a precise age estimate; that the observable 
variation of the acetabulum cannot be related to chronological age-at-death.  Thirdly, the 
result may be an artifact of the sample having a skewed (or unbalanced) age-at-death 
64 
representation, as is previously discussed in the Material and Methods section (Figure 6).  
This more easily understood when the exact number of individuals among the three 
known age-at-death estimation ranges in outline.  The number of individuals between 17-
39 years in the sample was 66, while there were 265 between the ages of 40-64 years.  
This can be compared to the second transition stage of 69.3 years, which is much closer 
to the expected 64-65 year interval that would be expected from the Calce (2012) 
method.  In this case, the number of individuals of known ages between 40-64 years in 
the sample is 265 (as stated above), compared to 158 individuals in the range of 65+ 
years. 
 
Study Sample Structure 
 It is important to note that the current study sample (from the WMBDSC) was 
utilized in a portion of the work presented by Calce (2012).  Therefore, it must be noted 
that the findings of the current study present inherently more accurate results due to some 
overlap in sample composition.  It may also partially explain why Mays (2014) found the 
overall accuracy (45%) to be lower than the current results (62.2%), as that study utilized 
the Spitalfields collection─a completely different population.  However, the low accuracy 
rate found in the present study (62.2%) indicates that the method performs lower than 
originally reported despite overlap with the WMBDSC sample.  These results do lend 
some support to the statements by Rissech (2013).  This concept was similarly 
demonstrated in a study of the age-at-death estimation method utilizing the acetabulum 
proposed by Rissech et al.
(Rissech et al. 2007). 
 The age structure of the sample in the current study 
young adult individuals (17
discussed.  In comparison, t
(2012) was composed of 
current study─both exhibit fewer individuals in the young adult and old adult ranges 
(Figure 18).  The study sample for Mays (2014) was 
adult individuals (under the age of 40) in comparison to 40+ 
similar to that of the current study (Figure 19).  The age structure of the 
samples is a potential source for reduced accuracy, 
success of the respective studies is likely due to interobserver error
Figure 18.  Age structure of the Calce (2012) test sample, n=249.
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Figure 19.  Age structure of the Mays (2014) test sample, n=173. 
 
Conclusion 
 The results of this study indicate that Calce (2012) is not sufficiently accurate as 
an age-at-death estimation technique.  While observations of the gross morphology of the 
acetabulum are proven to indicate a relationship with age-at-death in the current study 
and those before it (Calce 2012, Mays 2014), the resulting age estimation ranges are too 
wide for any real application.  Also, the results of the current study indicate a lower rate 
of accuracy than proposed by Calce (2012), and there is inconsistency between the 
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findings of Calce (2012), Mays (2014), and the current study.  Inter-observer error in the 
current study is also not very strong. 
 Therefore Calce (2012) is not recommended for forensic application.  When 
possible, other more appropriate methods, with more precise age-at-death estimates, that 
have been more thoroughly tested by the scientific community should be considered for 
use before application of the Calce (2012) method for age-at-death estimation by the 
acetabulum.  However, methods for acetabular aging, including Calce (2012) may be of 
greater interest in bioarchaeological contexts, or in general when a case presents remains 
with poor preservation, but observable traits at the acetabulum remain.  If the age-at-
death estimation method proposed by Calce (2012) is to be utilized for application in 
either a forensic or bioarchaeological context, wide age-at-death ranges (as demonstrated 
by the present study) must be cited. 
 
Considerations for Future Research 
 To achieve improved results in estimating age-at-death from the acetabulum 
further research is warranted.  The Calce (2012) study reduced the number of traits 
observed at the acetabulum from seven to three when compared to Rissech et al. (2006).  
This reduction is supported by Calce and Rogers (2011) and Mays (2012), which indicate 
that not all seven variables were associated with increasing age-at-death.  However, the 
findings of both the present research and Mays (2014) indicate low and inconsistent 
accuracy rates of Calce (2012).  These findings bring into question if Calce (2012) may 
have oversimplified the approach of age-at-death estimation from the acetabulum.  Both 
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Mays (2014) and the present study may reflect inherent limitations of a three-phase 
system that incorporates a reduction of morphological traits.  There is also the potential 
that other confounding factors may be at play in the variation found at the acetabulum.  
 Another consideration is that a phase-based approach to age-at-death estimation 
of the acetabulum, such as that adopted in Calce (2012), does not account for variation 
related to chronological age in the most reliable manner.  In comparison, component-
based age-at-death estimation methods generally allow for greater variation in each trait 
to be accounted for on an individual basis, thus providing the potential to more accurately 
estimate age-at-death (Shirley 2014). 
 The present research was a validation study of the phase-based method proposed 
in Calce (2012), and thus did not individually evaluate the three traits utilized in the 
application of the method.  Therefore, the findings from this research do not provide 
insight as to whether or not this method failed because it is a phased-based approach.  
However, future studies can and should evaluate if a component-based approach is more 
accurate, precise, and reliable than phase-based approach for acetabular age-at-death 
estimation.  
 Therefore, future research interested in age-at-death estimation from the 
acetabulum should make observations assigning scores to each individual trait one at a 
time with a component-based approach, as well as assigning an overall score in a phase-
based approach.  Also, in order to accept any future research on age estimation of the 
acetabulum as fully comprehensive, it would be of interest to consider other observable 
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traits of the acetabulum such as those proposed by the Rissech et al. (2006), as well as 
other variables including body mass index and/or physical activity in life. 
 In any future study where each individual is evaluated and every trait given an 
independent score, care should be taken to prevent bias in scoring each trait separately 
from the observation of the other traits; accomplishing this will require careful research 
design.  Approaching future research in this manner will allow the results to establish 
how each of the traits influences the utility of age-at-death estimation from the 
acetabulum, and outline the merits and flaws of both the phase-based and component-
based methodologies.  This will indicate if a phase-based or component-based method of 
age-at-death estimation is more appropriate for use with the acetabulum.  Research 
conducted in this fashion will also lend support as to whether or not all age estimation 
methods in anthropology should be considered for re-evaluated with component-based 
methodology. 
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APPENDICES 
Appendix A 
Brooks and Suchey (1990) – phase descriptions of the pubic symphysis in the Suchey-
Brooks Method. 
Phase I 
Symphyseal face has billowing surface (ridges and furrows) which usually extends to 
include the pubic tubercle.  The horizontal ridges are well-marked and ventral beveling 
may be commencing.  Although ossific nodules may occur on the upper extremity, a key 
to the recognition of this phase is the lack of delimitation of either extremity (upper or 
lower). 
Phase II 
The symphyseal face may still show ridge development.  The face has commencing 
delimitation of lower and/or upper extremities occurring with or without ossific nodules.  
The ventral rampart may be in beginning phases as an extension of the bony activity at 
either or both extremities. 
Phase III 
Symphyseal face shows lower extremity and ventral rampart in process of completion.  
There can be a continuation of fusing ossific nodules forming the upper extremity and 
along the ventral border.  Symphyseal face is smooth or can continue to show distinct 
ridges.  Dorsal plateau is complete.  Absence of lipping of symphyseal dorsal margin; no 
bony ligamentous outgrowths. 
Phase IV 
Symphyseal face is generally fine grained although remnants of the old ridge and furrow 
system may still remain.  Usually the oval outline is complete at this stage, but a hiatus 
can occur in upper ventral rim.  Pubic tubercle is fully separated from the symphyseal 
face by definition of upper extremity.  The symphyseal face may have a distinct rim.  
Ventrally, bony ligamentous outgrowths may occur on inferior portion of pubic bone 
adjacent to symphyseal face.  If any lipping occurs it will be slight and located on the 
dorsal border. 
Phase V 
Symphyseal face is completely rimmed with some slight depression on the face itself, 
relative to the rim.  Moderate lipping is usually found on the dorsal border with more 
prominent ligamentous outgrowths on the ventral border.  There is little or no rim 
erosion.  Breakdown may occur on superior ventral border. 
Phase VI 
Symphyseal face may show ongoing depression as rim erodes.  Ventral ligamentous 
attachments are marked.  In many individuals the pubic tubercle appears as a separate 
bony knob.  The face may be pitted or porous, giving an appearance of disfigurement 
with the ongoing process of erratic ossification.  Crenulations may occur.  The shape of 
the face is often irregular at this stage. 
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Appendix B 
Rissech et al. (2006) variables with descriptions. 
 
Variable Description Characteristic of the States Code 
(1) 
Acetabular 
Groove 
This groove appears below 
and surrounds the internal 
margin of the acetabular rim.  
With age, the acetabular 
groove can become more or 
less pronounced either along 
the entire acetabular rim or 
along only a part of it. 
No Groove – There is no groove below the acetabular rim.  There is no anatomical 
interruption between the lunate surface and the acetabular rim. 
0 
Groove – An anatomical interruption is observed between the lunate surface and the 
acetabular rim.  Although it might be short or shallow, it surrounds some or much of the 
acetabular rim. 
1 
Pronounced Groove – A deeper groove surrounds a large part of the acetabular rim. 2 
Very Pronounced Groove – An extremely pronounced groove surrounds nearly all the 
acetabular rim.  In some specimens, extreme growth of the rim has obscured the groove so 
that only a tissue discontinuity between the lunate surface and the acetabular rim can be 
observed. 
3 
    
Partially Narrow Acetabular Rim – The acetabular rim keeps its round and smooth form in 
some areas but in others is narrower.  There are two possibilities: (a) the iliac part of the 
acetabular rim narrows but not the ischial part; or (b) the external part of the acetabular rim 
retains its rounded form but its internal part has an upright form.  In all of these cases, the 
acetabular rim is smooth to the touch. 
1 
Narrow or Rough Acetabular Rim – There are two possibilities: (a) while acetabular rim is 
narrow, or (b) some part of the acetabular rim might be rough to the touch due to the presence 
of little grooves.  In both possibilities, there is no osteophytic construction. 
2 
Partially Crested Rim – Osteophytic constructions form a small chain (≈1 mm in height) on 
some small part of rim; a bigger osteophyte linked or not to the chain might be observed. 
3 
Crested Rim – An osteophytic formation makes either (a) a low crest (≈ 1 mm in height) 
along the entire acetabular rim or (b) a high crest (2-4 mm in height) along only part of it.  
This crest appears dense. 
4 
Very High Crested Rim – A very high crest (>4 mm in height) has developed as a 
consequence of bone construction and destruction.  This crest is thin and sharp or rounded 
with a spongy appearance. 
5 
Destructured Rim – An extremely high crest (>8 mm in height) has developed.  It may be 
either thin and sharp and leaning slightly towards the lunate surface, or rounded, spongy and 
fragile with swollen and hollow bone. 
6 
Variable Description Characteristic of the States Code 
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(3) 
Acetabular 
Rim Porosity 
With aging, porosity appears 
on the acetabular rim and on 
the adjacent ilio-ischiatic area 
of the acetabulum.  Two 
kinds of porosity can be 
defined: (a) microporosity, 
which refers to a fine, just 
optically visible perforation 
(≤ 1 mm); and (b) 
macroporosity, which refers 
to an oval or round 
perforation larger than 1 mm. 
Normal Porosity – Acetabular rim is smooth without porosities and roughness.  The area 
adjacent to the acetabular rim also has normal porosity. 
0 
External Porosity – On the area around the acetabulum, microporosity is lightly increased on 
the anterior inferior iliac spine, on the posterior wall of the acetabulum and on the area below 
the two extremities of the lunate surface.  There is no porosity on the acetabular rim, which is 
dense and smooth. 
1 
Rim Porosities – Some Microporosities on the acetabular rim may be large (= 1 mm) but the 
acetabular rim always has a round and dense appearance.  There is no bone destruction. 
2 
Rough Rim – The acetabular rim is not smooth to the touch and there may be some 
macroporosity on the rim. 
3 
Destructured Rim – Newly constructed bone has become very porous with many micro- and 
macroporosities, or it has suffered subsequent destruction. 
4 
Extremely Destructured Rim – Macro- and microporosities of the Destructured acetabular 
rim have partially invaded the lunate surface.  Usually this invasion occurs on the superior 
area of the lunate surface below the anterior inferior iliac spine. 
5 
(4) Apex 
Activity 
Apex activity refers to the 
bone activity observed on the 
apex of the posterior horn of 
the lunate surface.  With 
aging, this apex loses its 
rounded form, gradually 
becoming sharper and finally 
developing a spicule, which 
can become quite large. 
No Activity – the apex is round and smooth to the touch.  There is no spicule. 0 
Apex Activity – The apex has become longer and is sharp to the touch, or a small spicule can 
be felt. 
1 
Osteophytic Growth (> 1 mm) – A developed and conspicuous osteophyte larger than 1 mm 
can be seen with the naked eye. 
2 
Much Osteophytic Activity (> 3 mm) – The apex has an osteophyte larger than 3 mm, which 
may cover the entire horn of the lunate surface. 
3 
Very Much Osteophytic Activity (> 5 mm) – An osteophyte is so large (> 5mm) that it 
enters the acetabular notch and may completely cross it, in which case the anterior horn of the 
lunate surface also has activity. 
4 
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Variable Description Characteristic of the States Code 
(5) Activity on 
the Outer Edge 
of the 
Acetabular 
Fossa 
This activity refers to an 
osteophytic formation that 
grows as a mini-crest from 
the outer edge of the 
acetabular fossa towards the 
lunate surface.  Usually, it 
can be felt but not seen.  
When it is present, the edge 
is rough to the touch and can 
be detected by repeatedly 
moving the finger along the 
outer edge of the acetabular 
fossa towards the acetabular 
fossa surface.  Sometimes 
this osteophytic formation 
becomes visible and 
extensive enough to cover 
the acetabular fossa. 
No Activity on the Outer Edge – The outer edge feels smooth, or at least not rough, and the 
finger moves smoothly over it towards the fossa. 
0 
Slight Activity on the Outer Edge – A mini-crest can be felt (but not seen) on less than one 
quarter of the outer edge of the acetabular fossa.  It is usually found on only one of the two 
horns of the lunate surface, near the apex. 
1 
Medium Activity on the Outer Edge – Bone growth can be felt (but not seen) on between a 
quarter and a half of the outer edge of the acetabular fossa.  Usually, this bone growth is not 
continuous; therefore, all the active parts must be considered to estimate the proportion.  
2 
Much Activity on the Outer Edge – Bone growth can be felt on between one half and three 
quarters of the outer edge of the acetabular fossa.  
3 
Extreme Activity on the Outer Edge – Bone growth can be felt and sometimes it can be 
seen on more than three quarters of the outer edge. 
4 
Destructured Outer Edge – There is so much visible bone growth on the outer edge towards 
the fossa that it partially covers the fossa parallel to the outer edge. 
5 
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Variable Description Characteristic of the States Code 
(6) Activity of 
the Acetabular 
Fossa 
The young acetabular fossa 
appears dense and smooth 
and is almost level with the 
lunate surface.  Also the 
activity, expressed as relief, 
porosities, and bone 
production, is present on the 
fossa.  When this activity is 
extreme, the acetabular fossa 
may be obliterated. 
No Activity – The lunate surface is level with the acetabular fossa, which appears dense and 
smooth. 
0 
Slight Activity – The lunate surface is clearly no longer level with the acetabular fossa, which 
still appears dense and smooth. 
1 
Peripheral Activity – The acetabular fossa shows activity on between a quarter and a half of 
its surface.  This activity is usually located on the posterior area of the fossa or sometimes on 
peripheral areas, but never on the center.  This activity results in relief, porosities and spongy 
bone, which grows toward the lunate surface from small parts of the external border of the 
fossa.  Areas of the acetabular fossa without activity appear dense and smooth. 
2 
Central Activity – There is activity on about half of the fossa.  It is usually found on the 
posterior half and always extends to the center.  Activity on the center of the acetabular fossa 
usually produces a relief that is similar to the trabeculae.  Peripheral activity is usually 
expressed by porosities.  There may be some growth of spongy bone toward the lunate 
surface. 
3 
Major Activity – Activity is observed on more than three quarters of the fossa.  This activity 
produces relief and porosities, but the fossa does not lose its consistency and density. 
4 
Generalized Activity – The entire fossa, or nearly all of it, is covered by extensive formation.  
There are two possibilities: (a) the fossa is not consistent nor dense, and (b) the fossa is 
partially or totally obliterated. 
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Variable Description Characteristic of the States Code 
(7) Porosities 
of the 
Acetabular 
Fossa 
Through the aging process, 
microporosities first become 
macroporosities, then 
trabecular bone, and finally 
destruction invades the entire 
fossa.  There are two types of 
macroporosities.  (1) Smaller 
(≤ 1.5 mm) macroporosities 
occur as a transition of 
microporosities into 
trabecular bone; these have a 
blunt perimeter and will be 
called smaller 
macroporosities.  (2) Larger 
(> 1.5 mm) macroporosities 
have a sharp perimeter due to 
destruction; these are 
conspicuous, larger and 
either round or less regular 
and will be macroporosities 
with destruction. 
Dense Acetabular Fossa – The acetabular fossa is dense and smooth, but it may have a few 
normal peripheral microporosities. 
0 
Acetabular Fossa with Microporosities – The acetabular fossa appears dense but there are 
small areas with some microporosities.  These areas look like “orange skin,” usually on the 
superior lobe of the fossa, but sometimes elsewhere. 
1 
Macroporosities on Peripheral Trabecular Bone – Part of the fossa is covered with 
microporosities and smaller macroporosities.  These porosities occur on about one half of the 
fossa, which can include the center, but nor on all three lobes.  Some trabecular bone may 
occur on the peripheral area of the fossa. 
2 
Macroporosities on the Three Lobes – Porosities occur on about three quarters of the fossa.  
The three lobes and the center of the fossa are covered with smaller macroporosities and 
microporosities, but not the area of the acetabular notch.  Trabecular bone may occur on the 
peripheral area of the fossa. 
3 
Macroporosities with Destruction – Macroporosities with destruction occur on a base of 
microporosities and smaller macroporosities.  This may be observed over most of the fossa or 
only over a restricted area. 
4 
Bone Destruction on Most of the Fossa – Most of the fossa is covered with trabecular bone.  
There are no microporosities.  There is much destruction evidenced by large irregular 
macroporosities with destruction.  The bone of the fossa is swollen and has lost consistency as 
a result of bone destruction. 
5 
Bone Proliferation - Bone proliferation on the acetabular fossa obliterates the fossa. 6 
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